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CONTROL DEVICE FOR MOTOR FAN OF 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a control device for a 
motor fan of a vehicle Which cools a condenser for an air 
conditioner or the like. 

2. Description of the Related Art 
As a control technology for a motor fan of a vehicle, there 

is, for example, the one disclosed in Japanese Laid-Open 
Patent Publication No. 2001-317353. 

With this control technology, the greater one of a ?rst duty 
command value for the motor fan Which ful?ls the perfor 
mance requirements for the air conditioning system, and a 
second duty command value for the motor fan Which ful?ls 
the requirements of the engine cooling system, is set ?rst as 
a ?rst duty target value. And then a second duty target value 
for the motor fan is calculated Which makes the total torque, 
Which is the sum of the torque of the alternator and the 
torque of the compressor of the air conditioner, become a 
minimum. And the motor fan is controlled according to that 
one of the ?rst and the second duty target values Which is the 
larger as a control command values for the motor fan, and 
thereby, along With maintaining the required performance of 
the engine cooling system and of the air conditioning 
system, the fuel economy of the vehicle is improved. 

With the above described prior art, the calculation of the 
torque of the compressor for the second duty target value is 
performed based upon the pressure of the air conditioner 
refrigerant and upon the external temperature. Due to this, it 
is possible to calculate the second duty target value in 
correspondence to the refrigerant pressure and the external 
temperature, and it becomes possible to improve the fuel 
economy, Without it being in?uenced by change of the 
refrigerant pressure or of the external temperature. 

SUMMARY OF THE INVENTION 

HoWever, since the actual torque of the compressor also 
varies according to the cooling requirement Within the 
vehicle passenger compartment. Accordingly, the torque of 
the compressor Which has only been calculated from the 
external temperature and the refrigerant pressure as 
described above Will deviate from the actual torque, if the 
cooling requirement Within the vehicle passenger compart 
ment has changed. 

Since, due to this, the second duty target value Which has 
been calculated does not necessarily correspond to the 
minimum torque, so that the engine does not necessarily 
drive the motor fan and the compressor at the minimum 
load, accordingly, the possibility of improving the fuel 
economy of the vehicle experiences a certain restriction. 

The present invention proposes a control device of a 
motor fan of a vehicle Which anticipates enhancement of the 
fuel economy and also makes possible for the compressor to 
operate in the ideal state. 
A control device for a motor fan of a vehicle, according 

to the present invention, Which controls the motor fan to cool 
a radiator for engine coolant and a condenser for air condi 
tioner refrigerant, comprises: a ?rst command value calcu 
lation section Which calculates a ?rst command value for 
control of the motor fan according to refrigerant pressure; a 
second command value calculation section Which calculates 
a second command value for control of the motor fan 
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2 
according to coolant temperature; a ?rst target value setting 
section Which sets the greater of the ?rst command value and 
the second command value as a ?rst target value; a second 
target value setting section Which obtains a second target 
value for control of the motor fan Which corresponds to a 
total torque Which is smaller than a total torque of a torque 
of an alternator and a torque of a compressor corresponding 
to the ?rst target value; and a control section Which controls 
the motor fan according to the second target value. And the 
second target value setting section corrects the total torque 
of the torque of the alternator and the torque of the com 
pressor based upon a predetermined condition When obtain 
ing the total torque of the torque of the alternator and the 
torque of the compressor. 

Another control device for a motor fan of a vehicle, 
according to the present invention, Which controls a motor 
fan by duty ratio control to cool a radiator for engine coolant 
and a condenser for air conditioner refrigerant, comprises: a 
?rst command value calculation section Which calculates a 
?rst command value of duty ratio according to refrigerant 
pressure; a second command value calculation section Which 
calculates a second command value of duty ratio according 
to coolant temperature; a ?rst target value setting section 
Which sets the greater of the ?rst command value and the 
second command value as a ?rst target value of duty ratio; 
a second target value setting section Which calculates a total 
torque of a torque of an alternator and a torque of a 
compressor, and sets a duty ratio for Which the total torque 
becomes a minimum as a second target value; and a duty 
ratio determination section Which sets the greater of the ?rst 
target value and the second target value as a ?nal duty ratio. 
And the second target value setting section corrects the 
calculated total torque of the torque of the alternator and the 
torque of the compressor based upon a rotational speed of a 
bloWer fan motor, and sets a duty ratio for Which the 
corrected total torque becomes minimum as the second 
target value. 

Another control device for a motor fan of a vehicle, 
according to the present invention comprises: an engine; an 
alternator Which is driven by the engine; an air conditioning 
device of Which a compressor is driven by the engine; an 
electrically driven motor fan Which is operated by receiving 
supply of electrical poWer generated by the alternator, and 
Which cools the air conditioning device; a discharge pressure 
detection section Which detects a discharge pressure of the 
compressor; a target discharge pressure setting section 
Which sets a target discharge pressure of the compressor 
With respect to a cooling performance Which is required 
from the air conditioning device, so that a total of a drive 
load of the compressor and a drive load of the alternator for 
obtaining electrical poWer for operating the electrically 
driven motor fan becomes a minimum; and a motor fan 
control section Which controls an operation of the electri 
cally driven motor fan so that the discharge pressure of the 
compressor becomes equal to the target discharge pressure. 
A control method for a motor fan of a vehicle, according 

to the present invention, Which controls the motor fan to cool 
a radiator for engine coolant and a condenser for air condi 
tioner refrigerant, comprises: calculating a ?rst command 
value for control of the motor fan according to refrigerant 
pressure; calculating a second command value for control of 
the motor fan according to coolant temperature; setting the 
greater of the ?rst command value and the second command 
value as a ?rst target value; obtaining a second target value 
for control of the motor fan Which corresponds to a total 
torque Which is smaller than a total torque of a torque of an 
alternator and a torque of a compressor corresponding to the 
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?rst target value; and controlling the motor fan according to 
the second target value. And the total torque of the torque of 
the alternator and the torque of the compressor is corrected 
based upon a predetermined condition When obtaining the 
total torque of the torque of the alternator and the torque of 
the compressor. 

Another control method for a motor fan of a vehicle, 
according to the present invention, Which controls the motor 
fan to cool an air conditioning device of Which a compressor 
is driven by an engine, comprises: detecting a discharge 
pressure of the compressor; setting a target discharge pres 
sure of the compressor With respect to a cooling perfor 
mance Which is required from the air conditioning device, so 
that a total of a drive load of the compressor and a drive load 
of the alternator for obtaining electrical poWer for operating 
the motor fan becomes a minimum; and controlling an 
operation of the motor fan so that the discharge pressure of 
the compressor becomes equal to the target discharge pres 
sure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?gure shoWing a cooling system for a vehicle 
to Which the present invention is applied. 

FIG. 2 is a How chart shoWing the How of control of a 
motor fan. 

FIG. 3 is a How chart continuing on from FIG. 2, shoWing 
the further How of control of a motor fan. 

FIG. 4A is a map shoWing the relationship betWeen 
refrigerant pressure and the duty ratio of the motor fan. 

FIG. 4B is a map shoWing the relationship betWeen 
coolant temperature and the duty ratio of the motor fan. 

FIG. 5 is a map shoWing the relationship betWeen the duty 
ratio and the refrigerant pressure, and the external tempera 
ture. 

FIG. 6 is a map shoWing the relationship betWeen the duty 
ratio of the motor fan and the electric current generated by 
the alternator. 

FIG. 7 is a map shoWing the relationship betWeen the 
electric current generated by the alternator and torque. 

FIG. 8 is a map shoWing the relationship betWeen the duty 
ratio of the motor fan and the torque of the compressor. 

FIG. 9 is a map for correction of the total torque. 

FIG. 10 is a structural system ?gure shoWing the control 
device for a cooling fan of a vehicle according to an 
embodiment of the present invention. 

FIGS. 11A—11C are ?gures shoWing compressor drive 
load (discharge pressure) and alternator drive load 
(consumption of electrical poWer by an electrically driven 
cooling fan) With respect to fan operation duty ratio. 

FIG. 12 is a ?gure shoWing an example of a target 
discharge pressure map. 

FIG. 13 is a ?gure shoWing the behavior of fan operation 
duty ratio and compressor discharge pressure When an air 
conditioner is being operated. 

FIG. 14 is a ?gure shoWing the behavior of fan operation 
duty ratio and engine cooling Water temperature When the air 
conditioner is stopped. 

FIG. 15 is a How chart shoWing the details of control of 
the electrically driven cooling fan When the air conditioner 
is ON. 

FIG. 16 is a How chart shoWing the details of control of 
the electrically driven cooling fan When the air conditioner 
is OFF. 
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4 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
First Embodiment 

Next, the preferred ?rst embodiment of the present inven 
tion Will be explained. 

FIG. 1 is a ?gure shoWing a cooling system for a vehicle 
of the preferred embodiment to Which the present invention 
is applied. To a control unit 100 there are connected a 
rotational speed sensor 25 Which detects the rotational speed 
(revolutions per minute) of the engine 20 of the vehicle, a 
coolant temperature sensor 85 Which detects the temperature 
of the coolant of the engine 20, a discharge pressure sensor 
95 Which detects the pressure of the refrigerant Which is 
?oWing in a condenser 90 of an air conditioning system, and 
an external temperature sensor 110. 
The coolant of the engine 20 is cooled by a radiator 80 

Which is disposed in the engine room. 
The condenser 90 and a radiator 80 are disposed as 

overlapped in the longitudinal direction (the front and the 
rear direction) of the vehicle, and a motor fan 70 is disposed 
behind them, so that the condenser 90 and the radiator 80 are 
cooled by a current of external air created by the motion of 
the vehicle and by the action of the motor fan 70. The 
external temperature sensor 110 is arranged in the path of the 
air as it comes in to the condenser 90 and so on. 

The engine 20 is connected or linked to a alternator (ALT) 
and to the compressor of an air conditioning system 
(COMP), and refrigerant Which has been compressed by the 
compressor 30 absorbs heat Within an evaporator 53 of a 
cooling unit 50 Which is disposed Within the passenger 
compartment of the vehicle, and discharges heat at the 
condenser 90. 
The alternator 10 is connected to a battery (BAT) 40 and 

to the control unit 100, and supplies them With operating 
electrical poWer. When the engine 20 is stopped, the battery 
40 supplies operating electrical poWer to the control unit 
100. 

During engine cooling, the coolant for the engine is 
circulated through the heater core 54 of the cooling unit 50. 
AbloWer fan 51 is provided to the heater core 54 and the 

evaporator 53, so as to bloW air Whose temperature has been 
regulated into the passenger compartment of the vehicle. 
A rotational speed sensor 55 Which detects the rotational 

speed of the bloWer fan 51, a sWitch for the air conditioning 
system (an air conditioner sWitch) 115, and a vehicle speed 
sensor 120 are connected to the control unit 100. 

Next, the How of a control procedure for the motor fan 
Which is executed by the control unit 100 Will be explained. 

FIGS. 2 and 3 are How charts shoWing this motor fan 
control procedure ?oW. 

In a ?rst step 100, it is detected Whether or not an ignition 
sWitch not shoWn in the ?gures is turned ON and the engine 
has been started, and then the How of control continues to the 
step 101. 

In this step 101, the value of the engine rotational speed 
as detected by the rotational speed sensor 25 and the value 
of the external temperature as detected by the external 
temperature sensor 110 are read in. 

In the next step 102 it is checked Whether the air condi 
tioner sWitch 115 is ON or OFF, and if it is ON then the How 
of control proceeds to the next step 103, While if it is OFF 
then the How of control is transferred to the step 125. 

In the step 103 the value of the pressure of the air 
conditioner refrigerant as detected by the discharge pressure 
sensor 95 is read in. 

In the next step 104 the value of the temperature of the 
coolant of the engine as detected by the coolant temperature 
sensor 85 is read in. 
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In the next step 105, a ?rst command value X for the duty 
ratio of the motor fan for satisfying a requirement for 
performance of the air conditioner is calculated from the 
refrigerant pressure Which Was read in in the step 103, by 
using the map giving the relationship betWeen the refrigerant 
pressure and the duty ratio of the motor fan shoWn in FIG. 
4A. The characteristic shoWn in the map in FIG. 4A is that 
the duty ratio is set to a constant value of about 30% When 
the refrigerant pressure is beloW a value P1, While it rises 
linearly With respect to the refrigerant pressure When the 
refrigerant pressure is betWeen P1 and P2; and the duty ratio 
is kept at a constant value of 100% When the refrigerant 
pressure is above P2. 

In the next step 106, a second command value Y for the 
duty ratio of the motor fan for satisfying a requirement for 
engine cooling is calculated from the engine coolant tem 
perature Which Was read in in the step 104, by using the map 
giving the relationship betWeen the engine coolant tempera 
ture and the duty ratio of the motor fan shoWn in FIG. 4B. 
The characteristic shoWn in the map in FIG. 4B is that the 
duty ratio is set to 0% (so that the motor fan is not driven) 
When the coolant temperature is beloW a value T1, While it 
rises linearly With respect to the coolant temperature When 
the coolant temperature is betWeen T1 and T2; and the duty 
ratio is kept at a constant value of 100% When the coolant 
temperature is above T2. 

In the next step 107, the above described ?rst duty ratio 
command value X and second duty ratio command value Y 
are compared together. And the How of control proceeds to 
the next step 108 if the ?rst command value X is greater than 
or equal to the second command value Y, While it is 
transferred to the step 109 if the ?rst command value X is 
less than the second command value Y. 

In the step 108, the ?rst command value X is taken as a 
?rst target value D1 for the duty ratio of the motor fan. 

In the step 109, the second command value Y is taken as 
a ?rst target value D1 for the duty ratio of the motor fan. 
By doing this, the maximum one of the ?rst command 

value X and the second command value Y is employed as the 
?rst target value D1, so that it is possible to satisfy both 
requirements for engine cooling and also requirements for 
performance of the air conditioning system. 

In the next step 110, based upon the ?rst target value D1 
for the duty ratio and upon the external temperature Which 
Was read in in the step 101, a target refrigerant pressure for 
the compressor Which is considered ideal is calculated, using 
the map of refrigerant pressure shoWn in FIG. 5. 

In the map of FIG. 5, the relationship betWeen the duty 
ratio, the refrigerant pressure, and the external temperature 
is determined, and this relationship exhibits the character 
istics that the refrigerant pressure is loW When the duty ratio 
becomes high, While the refrigerant pressure becomes high 
When the external temperature becomes high. The meaning 
of this is that, When the duty ratio of the motor fan becomes 
high, the amount of draft produced by the motor fan 
becomes great, and the cooling performance of the con 
denser is relatively enhanced, so that the pressure of the 
refrigerant Which is expelled by the compressor may be 
reduced Without problem. Furthermore, When the external 
temperature becomes high, the cooling performance is dete 
riorated in accordance thereWith, so that it is necessary to 
compensate for this deterioration or correct this deteriora 
tion. 

In the next step 111, the amount I1 of electric current to 
be generated by the alternator is calculated from the ?rst 
target value D1, using the map Which gives the relationship 
betWeen the duty ratio of the motor fan and the amount of 
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6 
electric current of the alternator shoWn in FIG. 6. The map 
of FIG. 6 shoWs the characteristic in Which according to the 
magnitude of the duty ratio, the magnitude of the electric 
current Which is required to generate in order to drive the 
motor fan at this duty ratio becomes greater. 

In the next step 112 in FIG. 3, the torque Ti1 of the 
alternator is calculated from the electric current I1 Which is 
to be generated and the engine rotational speed, using the 
map giving the relationship betWeen the electric current 
generated by the alternator and torque shoWn in FIG. 7. The 
map of FIG. 7 shoWs the characteristic in Which at one 
particular engine rotational speed (in other Words, at one 
particular alternator rotational speed), according to the mag 
nitude of the electric current generated by the alternator, the 
torque Which is required to generate this electric current 
becomes greater. A map of this type is provided for each 
value of the engine rotational speed. 

In the next step 113, the compressor torque Tc1 is calcu 
lated from the ?rst target value D1, using the map giving the 
relationship betWeen the duty ratio of the motor fan and the 
torque of the compressor shoWn in FIG. 8. The map of FIG. 
8 shoWs the characteristic in Which at one particular engine 
rotational speed (in other Words, at one particular compres 
sor rotational speed) and at one particular value of external 
temperature, the relationship betWeen the duty ratio of the 
motor fan and the torque of the compressor When the 
condenser is being cooled by the motor fan Which is being 
driven at this duty ratio is de?ned, and in Which the required 
torque diminishes as the duty ratio becomes greater. A map 
of this type is provided for each combination of values of the 
engine rotational speed and the external temperature. 

In the next step 114, the total torque T1 is calculated by 
adding together the torque Ti1 of the alternator and the 
torque Tc1 of the compressor. 

In the next step 115, the value of the external temperature 
detected by the external temperature sensor 110 is read in. 

Although the value detected for the external temperature 
has already been read in in the step 101, accuracy is 
improved by reading it in again in this step for a second time. 

In the next step 116, the rotational speed of the bloWer fan 
is read in from the rotational speed sensor 55. 

In the next step 117, a corrected total torque T1‘ is 
calculated by performing correction on the total torque T1 of 
the alternator and the compressor together, as calculated in 
the step 114, using a total torque correction value taken from 
the correction map shoWn in FIG. 9, based upon the external 
temperature and the rotational speed of the bloWer fan. 

In the correction map of FIG. 9, the correction value is set 
so that the total torque T1 becomes higher When the external 
temperature becomes higher, or When the rotational speed of 
the bloWer fan becomes higher. This is because, When the 
external temperature or the rotational speed of the bloWer 
fan becomes higher than the conditions When the target 
refrigerant pressure Was set in the step 110, the required 
torque becomes greater to this extent, since it is necessary to 
perform more cooling due to this factor. Furthermore, since 
it is necessary to generate more electric current for the 
bloWer fan When the rotational speed of the bloWer fan 
becomes greater, the required torque also becomes greater to 
this extent. 

In the next step 118 a second target value D2 for the duty 
ratio for the motor fan is obtained, so as to make the 
corrected total torque T1‘ of the torque of the alternator and 
the torque of the compressor together to be a minimum, in 
consideration of the operational states of the alternator and 
of the compressor. In concrete terms, the duty ratio of the 
motor fan is changed by a little bit at a time from the ?rst 
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target value D1, and, after having calculated the electric 
current I2 to be generated by the alternator in the same 
manner as in the step 111 described above, the torque Ti2 of 
the alternator is calculated in the same manner as in the step 
112, and the torque Tc2 of the compressor is calculated in the 
same manner as in the step 113 described above. 

Finally, the total T2 of Ti2 and Tc2 is calculated and the 
duty ratio of the motor fan When T2 is less than T1‘ is 
obtained, and this procedure is repeated, and the duty ratio 
When T2 attains its minimum is taken as the second duty 
ratio target value D2. 

And, after calculating this second target value D2, the 
target refrigerant pressure for the compressor Which is 
considered ideal is obtained using the map shoWn in FIG. 5. 

In the step 119, the magnitudes of the ?rst target value D1 
and the second target value D2 are compared together. And 
if the second target value D2 is greater than or equal to the 
?rst target value D1 then the How of control proceeds to the 
next step 120, While if the second target value D2 is less than 
the ?rst target value D1 then the How of control is transferred 
to the step 121. 

In the step 120, the motor fan is controlled With a duty 
ratio equal to the second duty ratio target value D2. In this 
case, the torque load imposed upon the engine becomes a 
minimum, and moreover the operational states of the alter 
nator and the compressor are optimiZed, since a duty ratio 
for the motor fan (in other Words D2) is used Which does not 
exert any in?uence upon the performance of the air condi 
tioner. 
On the other hand, in the step 121, the motor fan is 

controlled With a duty ratio equal to the second duty ratio 
target value D1. 

In the next step 122, the value of the refrigerant pressure 
of the compressor is read in from the discharge pressure 
sensor 95. 

In the next step 123, the deviation is obtained betWeen the 
target refrigerant pressure Which Was obtained in the step 
110 or the step 118, and the refrigerant pressure Which has 
been detected. 

In the next step 124, the duty ratio D of the motor fan is 
corrected so as to cancel this deviation. 
On the other hand, if in the check in the step 102 it is 

determined that the air conditioner sWitch SW is OFF, then 
the How of control is transferred to the step 125 of the FIG. 
2 ?oWchart, and the detected value of the coolant tempera 
ture is read in, in the same manner as in the step 104. 

In the next step 126, the second command value Y is 
calculated from the coolant temperature Which Was read in 
in the step 125, in the same manner as in the step 106. 

In the next step 127, the second command value Y is taken 
as being the ?rst target value D1. Here, since the air 
conditioner sWitch SW is OFF, the second target value D2 in 
consideration of the operational state of the compressor is 
not calculated. 

In the next step 128, the target refrigerant pressure of the 
compressor is calculated corresponding to the ?rst target 
value D1, from the map of FIG. 5. And, after controlling the 
motor fan based upon the duty ratio of the ?rst target value 
D1 in the step 121, and after correction on the duty ratio 
thereafter has been performed, the How of control returns, 
and the above describe control procedure is repeated. 
With this preferred embodiment of the present invention 

constituted as described above, since the total torque of the 
alternator and the compressor is brought to the minimum 
While satisfying the requirements for engine coolant tem 
perature and for air conditioner performance, accordingly 
the value of the load upon the engine is reduced, so that it 

10 

15 

25 

35 

40 

45 

55 

65 

8 
is possible to anticipate an improvement in fuel economy 
(fuel ef?ciency). In particular, in the calculation of the 
second target value, since the total torque of the alternator 
and the compressor is corrected based upon the external 
temperature and upon the rotational speed of the bloWer fan, 
accordingly, even if the external temperature or the cooling 
requirement of the cooling unit Within the vehicle passenger 
compartment changes, the engine can drive the alternator 
and the compressor With the minimum torque, so that it 
becomes possible to enhance the fuel economy of the 
vehicle Without experiencing any in?uence from the cooling 
requirement Within the vehicle passenger compartment. 

Furthermore, When calculating the target refrigerant pres 
sure for the compressor in correspondence to the ?rst and the 
second target values for duty ratio Which have been calcu 
lated and controlling the motor fan, it becomes possible for 
the compressor to operate in the ideal state, since, if devia 
tion has occurred betWeen the actual refrigerant pressure and 
the target refrigerant pressure, the duty ratio is corrected so 
as to make the actual refrigerant pressure approach toWards 
the target refrigerant pressure. 

Although, in the above described preferred embodiment, 
the explanation Was made in terms of an example in Which 
a second target value D2 for the duty ratio for the motor fan 
Was obtained so that the corrected total torque T1‘ of the 
torque of the alternator and the torque of the compressor 
became a minimum, the present invention is not to be 
considered as being necessarily limited by this detail. It 
Would be acceptable to employ a duty ratio Which is a value 
greater than the ?rst target value D1, and Which corresponds 
to a total torque Which is merely smaller than the total torque 
of the torque of the alternator and the torque of the com 
pressor corresponding to the ?rst target value D1. In this 
case as Well, it is possible to enhance the fuel economy of 
the vehicle. 
Second Embodiment 

In the folloWing, the second embodiment of the present 
invention Will be explained based upon the ?gures. 

FIG. 10 is an overall structural system ?gure shoWing the 
control device for a cooling fan according to an embodiment 
of the present invention. As shoWn in FIG. 10, this cooling 
fan control device comprises an engine 1, an alternator 
(generator) 2, an air conditioning device (air conditioner) 3, 
an electrically driven cooling fan 4, and a control unit (C/U) 
5. 
The heat Which is generated by the engine 1 is absorbed 

by engine cooling Water Which passes through a Water 
jacket, and then this heat Which has been absorbed is 
radiated via a radiator (not shoWn in the ?gures). 
The alternator 2 is mechanically connected to an output 

shaft of the engine 1, and is driven by the drive poWer of the 
engine 1 and generates electricity. This alternator 2, the 
electrically driven cooling fan 4, and a battery 6 are elec 
trically connected together via a regulator 7. And the elec 
trically driven cooling fan 4 is operated by the electrical 
poWer Which is generated by the alternator 2 being supplied 
to the electrically driven cooling fan 4 via the regulator 7. 
The air conditioner 3 comprises a compressor 8 Which is 

mechanically connected to the output shaft of the engine 1 
and Which is driven by the drive poWer of the engine 1 so as 
to suck in refrigerant, compress it, and discharge it at high 
temperature and high pressure, a condenser 9 Which cools 
and lique?es the refrigerant Which has been discharged from 
this compressor 8, a receiver/drier 10 Which temporally 
accumulates the refrigerant Which has been lique?ed by this 
condenser 9, an expansion valve 11 Which sprays out the 
refrigerant Which has been lique?ed as a mist and evaporates 
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it, and an evaporator 12 Which is cooled by passage of this 
evaporated refrigerant; and these are connected together by 
a refrigerant conduit 13. And a cooling air How is created by 
a draft being passed through the evaporator by a bloWer fan 
14. It should be understood that an electromagnetic clutch 
(not shoWn in the ?gure) is connected to the compressor 8, 
and thereby it is arranged to enable transmission or inter 
ruption of drive poWer from the engine 1. 

The electrically driven cooling fan 4 is operated by 
receiving supply of electrical poWer, and sends a cooling air 
?oW (for heat transfer) to the condenser 9. By doing this the 
engine performance is maintained and over heating is 
avoided, and the heat dissipation performance of the con 
denser 9 is elevated so that the performance of the air 
conditioner is maintained. 

To the control unit (C/U) 5 there are inputted detection 
signals from various detection sensors such as a Water 
temperature sensor 21 Which detects the temperature of the 
cooling Water of the engine, an external air temperature 
sensor 22 Which detects the external air temperature, a 
discharge pressure sensor 23 Which detects the pressure of 
the refrigerant Which is discharged from the compressor 8 
(its discharge pressure), an after-evaporator draft tempera 
ture sensor 24 Which detects the temperature of the air ?oW 
Which passes through the evaporator 12 (the after-evaporator 
draft temperature), and an electric current sensor 25 Which 
detects the electric current from the alternator 2, and the like, 
and signals (ON/OFF, and required cooling performance) 
from an air conditioner sWitch 26. 
And the control unit (C/U) 5 performs a predetermined 

calculation procedure based upon the detection signals 
Which are input from the various detection sensors, and 
thereby executes engine control such as fuel injection con 
trol and the like. Furthermore, in order to obtain the cooling 
performance Which is required by the air conditioner sWitch 
26, the control unit (C/U) 5 performs engagement and 
disengagement of the electromagnetic clutch according to 
the external air temperature, the after-evaporator draft 
temperature, and the like, so as to drive or to stop the 
compressor 8 (i.e. to execute control of the air conditioner 

3). 
Moreover, the control unit (C/U) 5 performs variable 

control of the electrically driven cooling fan 4 via a fan drive 
unit, according to the operational state of the air conditioner 
3 and the external air temperature. 

Here, the control of the electrically driven cooling fan 
Which is executed by the control unit (C/U) 5 in this 
embodiment Will be explained in detail. 

In this control, ?rst, When operating the air conditioner 3, 
a target discharge pressure for the compressor 8 is set, and 
an operating duty ratio for the electrically driven cooling fan 
4 is set so as to maintain the discharge pressure at this target 
discharge pressure (hereinafter this Will be termed “the 
operating duty ratio for this discharge pressure”). The target 
discharge pressure Which is set here is the most appropriate 
discharge pressure Which Will make the total of the drive 
load of the compressor 8 forth is required cooling perfor 
mance and the drive load of the electrically driven cooling 
fan 4 for cooling the condenser 9 (in other Words, the total 
load) to be a minimum; and, in concrete terms, it is set in the 
folloWing manner. 

In other Words, since the compressor 8 is driven by the 
output of the engine 1, the drive poWer for driving the 
compressor 8 (the compressor drive poWer) constitutes a 
load upon the engine 1. And it is possible to convert the 
compressor discharge pressure (the compressor drive poWer) 
into the drive load of the compressor 8, since this compres 
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10 
sor drive poWer is given by the discharge pressure minus the 
intake pressure (Which is constant). 

Furthermore, since the electrically driven cooling fan 4 is 
operated by the electrical poWer from the alternator 2, and 
this alternator 2 is driven by the output of the engine 1 to 
generate electricity, accordingly it is possible to obtain the 
drive poWer for driving the alternator 2, in other Words the 
load upon the engine 1, from the electrical poWer Which is 
consumed by the electrically driven cooling fan 4 (for 
example, from the integrated value of the electric current 
Which is detected by the electric current sensor 25); and, due 
to this, it is possible to convert the electrical poWer Which is 
consumed by the electrically driven cooling fan 4 into the 
drive load of the alternator 2 for obtaining the electrical 
poWer for operating the electrically driven cooling fan 4. 
On the other hand, When the condenser 9 of the air 

conditioner 3 is cooled by the electrically driven cooling fan 
4, the condensation temperature of the refrigerant in this 
condenser 9, in other Words the condensation pressure, 
drops. As a result, the discharge pressure of the compressor 
drops, and the drive load of the compressor 8 is reduced. 
By the above, in the cooling performance Which is 

required from the air conditioner 3, When, by varying the 
operating duty ratio of the electrically driven cooling fan 4 
(the fan operational duty ratio), its amount of air ?oW, in 
other Words the cooling effect of the condenser 9, is 
increased, then the drive load of the compressor 8 (its 
discharge pressure) is reduced, While the drive load of the 
alternator 2 (the consumption of electrical poWer by the 
electrically driven cooling fan 4) is increased. Accordingly, 
by varying the fan operational duty ratio, it is possible to ?nd 
the operational point (the most suitable point) at Which the 
total of the drive load of the compressor and the drive load 
of the alternator (in other Words the operational load of the 
electrically driven cooling fan) becomes a minimum. And by 
operating at this most suitable point, in other Words by 
controlling the fan operational duty ratio so as to keep (so as 
to maintain) the compressor discharge pressure at this time 
(i.e. the target discharge pressure), it becomes possible to 
keep the engine load Which accompanies operation of the air 
conditioner 3 at the minimum limit, and accordingly it is 
possible to anticipate an improvement of fuel economy. 

FIGS. 11A—11C shoW the above described relationship 
and most suitable point; and FIGS. 11A through 11C respec 
tively shoW the cases in Which the external air temperature 
is loW, medium, and high. It should be understood that, in 
FIGS. 11A—11C, the broken line shoWs the drive load of the 
compressor 8, the single dotted line shoWs the drive load of 
the alternator 2 for operating the electrically driven cooling 
fan 4, and the solid line shoWs the total of these loads. And 
the most suitable point is obtained for each external air 
temperature, a target discharge pressure map (FIG. 12) is 
constructed and stored by taking the most suitable compres 
sor discharge pressure according to the external air 
temperature, and the target discharge pressure is set by 
referring to this map. By this means, since the target 
discharge pressure is set Without providing a plurality of 
maps, the control parameter does not change due to sWitch 
ing of maps. Accordingly, it is possible to ensure a stabiliZed 
fan operating characteristic, since the target discharge pres 
sure Which is set changes continuously according to change 
of the cooling performance Which is demanded from the air 
conditioning device. Furthermore, since a plurality of map 
are not provided, the capacity of memory can be reduced. 

Accordingly, if the discharge pressure Which has been 
detected by the discharge pressure sensor 23 is higher than 
the target discharge pressure, then the “operational duty ratio 










